we report that in the absence of Id2 and Id3 proteins, E2A prematurely activates genes critical ligands presented by non-classical MHC molecules such as CD1 and MR1. [1] They are also 42 characterized by high levels of expression of the innate-like transcription factor, Promyelocytic 43 Zinc Finger (PLZF). [2] [3] [4] [5] [6] While the transcriptional programs that drive conventional CD4 + and 44 CD8 + T cell specification and development have been well characterized, little is known about
Innate-like T cell populations include TCRαβ + Natural Killer T (NKT) cells, TCRγδ + NKT cells, 48 innate-like CD8 + T cells, CD8αα intraepithelial lymphocytes (IELs), and Mucosal-associated 49 invariant T (MAIT) cells. Invariant NKT (iNKT) cells are among the best characterized innate- 50 like T cells, which arise in parallel with conventional α β T cells. These cells are known to 51 stochastically express a canonical Vα14-Jα18 TCRα chain at the CD4 + CD8 + double positive 52 (DP) stage, which allows them to undergo TCR selection mediated by a CD1d molecule 53 expressed on other conventional DP thymocytes. [7, 8] γ δ NKT cells are yet another population of 54 innate-like T cells that express a restricted Vγ1.1Vδ6.3 TCR. Both iNKT and γ δ NKT cells 55 express high levels of PLZF and readily produce effector cytokines like IL-4. [2, 9] Id proteins, primarily produced by Id2 and Id3 during T cell development, are inhibitors of the E 57 protein transcription factors E2A and HEB. Interestingly, Id proteins play opposite roles in the 58 development of conventional and innate-like T cells, such that they promote the former and 59 suppress the latter. In response to pre-TCR and TCR signals, Id proteins inhibit E protein activity 60 to play a critical role in promoting the differentiation and positive selection of conventional α β T 61 cells. [10] [11] [12] The Id-mediated inhibition is both necessary and sufficient to activate gene expression 62 programs critical for T cell maturation. In line with this, it has been shown that disruption of Id2 63 and Id3 impairs conventional α β T cell development beyond the TCR checkpoint [13] . Analogous 64 to α β T cell development, the function of Id3 in promoting conventional γ δ T cell development 65 has also been mapped downstream of the γ δ TCR. [14] In contrast, however, large populations of 66 iNKT, γ δ NKT and innate variant T FH cells have been observed in the same Id3-and Id2/Id3- 67 deficient animals, indicating a negative role for Id proteins in regulating innate-like T cell 68 development. [15] [16] [17] [18] [19] [20] [21] However, the mechanism that drives the development and expansion of these reasonable to predict that Id proteins control innate-like T cell development through a distinct, or 72 additional mechanism, that is TCR signaling-independent. Id proteins have also been shown to 73 modulate E protein activity throughout T cell development.
[10] Therefore, it remains to be 74 determined whether Id-mediated suppression of these innate-like T cells is limited to their 75 expansion upon selection and lineage commitment, or if it also influences their lineage 76 specification prior to TCR selection.
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We first investigated the role of E proteins, particularly E2A, in iNKT cell development in the 78 absence of Id proteins. E2A ChIP-Seq revealed several genes that are important for iNKT cell development, such as Tcf7 [22] , Egr2 [23, 24] and Bcl11b [25] , to be direct targets of E2A. platform (Illumina). All subsequent data analysis was done using the steps outlined above.
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RNA-Seq sequencing reads were first trimmed using Trimmomatic. [33] Read alignment was done 170 using Tophat and expression quantification was done using Cufflinks. [34] represented as a network using Cytoscape3.4.0. [38] 200
Gene Set Enrichment Analysis (GSEA)
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The GSEA [36, 39] 
Correlation analysis
were determined for all genes across six samples, including replicates of WT DP, pTαKO DP, L-
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DKO pTαKO DP and L-DKO DP, as derived from RNA-Seq analysis. Genes with both 213 coefficients greater than or equal to 0.7 were considered to be positively correlated, and those 214 with both coefficients less than or equal to -0.7 were considered to be negatively correlated with
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Zbtb16 expression. Scatter plots were generated using a custom R script. Figure 1a) . [11] E2A also bound to the promoter and/or enhancer regions of several genes that have been 240 reported to be critical for iNKT cell development and function (Figure 1d ). This included genes 241 such as Tcf7, Bcl11b, Sox4 and Gzma. [22, 25, 45] While direct regulation of PLZF (encoded by 242 Zbtb16) by E2A has been reported previously, [46] we found E2A binding to intragenic, rather Figure 1b) , 246 which has also been shown to drive PLZF expression in iNKT cells, making it is a likely 247 mediator.
E2A regulates downstream transcription factors critical for iNKT cell development
[24] Overall, these findings indicate directed regulation of the iNKT developmental In the previous sections, we investigated the mechanisms that drive iNKT cell development in Bcl11b deletion (Figure 3e) . [52] 295
In order to specifically identify any dysregulation of innate-specific genes, we decided to filter Table II) . Groups 1 and 2 included "biased" genes that were upregulated or 320 downregulated by a significantly larger magnitude in one population as compared to the other.
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On the other hand, group 3 included "common" genes that were significantly and similarly 
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As expected, L-DKO pTα -/-mice still had a profound block in conventional α β T cell 352 development due to the lack of pre-TCR signaling (Figure 6a, b) . Interestingly, despite the pre-TCR block in L-DKO pTα -/-mice, the deletion of Id proteins seemed to partially rescue the 354 development of DP cells (Figure 6a, c) . Upon careful investigation, however, we found that 355 these DP cells upregulate PLZF (Figure 6d) is regulated by Id proteins. [55] This data also challenges the stochastic TCR-driven iNKT models with physiological levels of E protein activity. [55, 61] It is likely that the depletion of Id 
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PLZF undoubtedly plays key roles in innate-like T cell development and effector function. 455 However, the transcriptional regulation of PLZF itself remains ambiguous. While some studies 456 have found strong agonistic signaling to be sufficient to induce PLZF expression, [5, 24, 63] others 457 have reported early and stable suppression of PLZF in conventional T cells, which can't be 458 reversed by TCR signaling alone. [64] The function of PLZF itself, in promoting innate-like 459 effector genes, has also been demonstrated to be independent of agonistic TCR signals. [65, 66] 
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This implies that unveiling the transcriptional regulation of PLZF and lineage specification of earlier than conventional T cells in the course of evolution. [45, 67] Hence, we propose that innate- 5. Kreslavsky T., Savage A. K., Hobbs R., Gounari F., Bronson R., Pereira P., Pandolfi P. P., 9. Azuara V., Levraud J. P., Lembezat M. P. 
